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CHAPTER I 
INTRODUCTION 
1 
The processes of learning and understanding are not 
fully comprehended by educators or psychologists, but most 
theories regard the brain as the center of learning, absorb­
ing stimuli reaching it from the five senses--sight, touch, 
hearing, taste and smell. Teaching is the modulation of 
stimuli through these senses to the brain. The more effec­
tive a teacher is at controlling these stimuli, the more 
effective the learning process will be, and the better the 
student will learn the material presented. 
The past decade has seen the development and improve­
me�t of many methods and techniques for making the learning 
process more effective. One such method is · programed 
instruction. 
The principles of programed instruction are not new 
to the field of education. Socrates used a verbal variation 
of the technique in his teaching, as have many private tutors 
throughout the years. But it first came to the attention • 
of modern educators in 1926 when S. L .  Pressey of Ohio State 
University developed a mechanical apparatus which presented 
a fixed sequence of multiple-choice questions to the user. 
This machine has been referred to as the first teaching 
machine, but it was designed primarily as a testing 
device.1 
2 
Since then, particularly since the early 1950s, with 
the work of B .  F. Skinner, much has been done in the field 
of programed instruction. This teaching method has been 
used successfully at all levels of education and with all 
types of students. Industry and the armed forces are now 
making extensive use of it in their training programs. 
Programs are constructed using many formats, but all 
are based on the stimulus-response-reinforcement theory. A 
student learns material a.t his own rate o:r speed by reading 
a small unit of information called a frame (stimulus), an­
swering a question or doing a task related to the information 
{response), and checking to see if his response is correct 
(reinforcement). 
Two theories form the basis for most programs written 
to date. 
The first theory, subscribed to by Skinner and Holland, 
is from the Behaviorist school of psychology. The theory is 
based on the principle that "only overt behavior, suitably 
l J. L. Hughes, Pro ramed Instruction for Schools 
and Industry (Chicago: Science Research Associates, 19 2 ,  
p. 4. 
reinforced, is learned."2 Programs based on this theory 
usually have short frames which a_re presented sequentially 
and require a constructed response. Emphasis is placed on 
low error rate. Most programs written to date have used 
this theory. 
3 
The other theory applied to programs is i'rom the 
Gestalt school of psychology, dealing with what goes on in 
the mind of the student. Crowde-r, .an advocate of this 
theory, believes that learning takes place while the student 
is reading the in:formation3 and his response to a question 
is only an indication of an internal process.4 This theory 
emphasizes explanation, not prevention, of errors. 
The most common form taken by programs using the 
Gestalt theory is the "scramble book, " developed by Crowder, 
so called because of the way the student proceeds through 
the book. The student is presented with one or two para­
graphs of information and asked to respond to a multiple­
choice question about the material. If his response is 
correct, he progresses to a frame containing new informa­
tion. If his response is not correct, he is directed to a 
2 Edward B. Fry, Teaching Machines and Programed 
Instruction (New York: McGraw-Hill Book Company, Inc. , 
1963, p. 49. 
3 Hughes, p. 14. 
4 Fry, p. 62. 
4 
frame which explains why the response was wrong and is told 
to go back to the original frame and choose another answer. 
In a scramble book a student does not follow the frames in 
sequence, but jumps around depending on his response to any 
given frame. 
There are othe_r formats for programed instruction, 
but they are all applications of one of these theories or a 
combination of both . There is no evidence that one theory 
works better than the other. 5 
In the past decade programed instruction has been 
subjected to a considerable amount of educational research. 
Despite all the work done, there are many unanswered ques­
tions about the method. Much of the evidence obtained from 
research has been inconclusive or conflicting . 
It is generally agreed that most material, particu­
larly material in the so-called "tool" subjects, such as 
science, mathematics and language, can be learned by pro­
gramed instruction as well as, or better than, by conven­
tional methods of instruction. 6 However, there is still a 
great deal of controversy over such questions as the struc­
ture of programs, the retention of material learned by pro­
grams, and the best type of response to programed material. 
5 Hughes, p. 14. 
6 Benjamin Fine, Teaching 
Machines (New York: Ster-
ling Publishing Co. , 196�), p. _ l 2. -
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It is the purpose of this study to help in the reso­
lution of some of these questions· by determining if the type 
of response made to programed material has any effect on the 
retention of the material. 
If, as was mentioned earlier, learning is the result 
of stimuli transmitted through the senses to the brain, it 
see·ms logical that the more senses involved in transmitting 
the stimuli· to the brain the more effective and efficient 
the learning process will be . It is the hypothesis of this 
study that a person responding to programed material oy hav­
ing to think what the correct response is and then having 
to write it down should learn more from the program, and 
remember it longer, than a person who only "thinks" the cor­
rect response . 
A search of the available literature revealed no pre­
vious study of this nature. Several studies were cited com­
paring retention of programed material and conventional 
instruction methods or retention of programed material imme­
diately following learning and retention at a later time. 
Other studies compared performance scores of groups using 
overt and covert responses, but failed to check for retention 
at a later time. 
The results of most studies designed to measure re­
tention show high amounts of retention over periods of weeks 
6 
and months7 and " • • •  report high degrees of correlation 
between achievement measured immediately following learning 
and after a longer retention interva1. "8 
A study by Evans, Glaser and Homme in 19599 first 
raised the question of the necessity of an overt response to 
programed material. Their study showed that a covert re­
sponse by participants required less time and resulted in 
higher mean performance scores. This report led to other 
studies comparing overt and covert.modes of response and the 
results have been conflicting. However, in general the· type 
of response seems to have little bearing on the level of 
1 . h. d 10 earning ac ieve . 
7 Robert M. Gagne', "The Analysis of Instructional 
Objectives f'or the Design of Instruction, " Teaching Machines 
and Programed Learnin
�
, II, ed. Robert Glaser (Washington, 
D.C. :  NEA, DAVI, 1965, p. 57. 
8 Gagne� p. 57. 
9 .John Leedharn and Derick Unwin, Programmed Learnin� in the Schools {London: Longman's, Green and Co. Ltd ., 1967 , 
p. 149. 
10 Leedham, p. 1 2 2 . 
CHAPTER II 
METHODOLOGY 
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A search for a program to use for this experiment, 
though not exhaustive_, indicated there was not a suitable 
one available in the field of graphic arts, making it neces­
sary for this writer to construct one to suit the purpose. 
·It was felt that the program should be applicable to 
all aspects of the printing trade and it should be short 
enough to be completed in about one-half hour. The time 
limit was imposed to facilitate completing a major portion 
of the experiment in one class period of an average school 
schedule in the hope of acquiring the cooperation of other 
teachers in granting their class time to administer the 
program and tests to their students. Also, it was felt that 
more than a half hour would tax the attention span of most 
of the students participating in the study . 
The topic "The Printer's System of Measurement" was 
decided upon because it met both of these criteria. 
An analysis of the type of student that would be 
subjected to this program was used to give a starting point 
from which to plan the writing of the program. It was felt 
that a sixth grade reading comprehension level could be 
assumed . It was further assumed that the student would be 
familiar with the English system of units and would have 
had experience in measuring with these units. 
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As a result of completing the program, it was ex­
pected that a student would know the units of measurement in 
the printer's system of measurement and would know how to 
use them as they pertain to the printing trade. He would 
a1 ·so be able to compare the units in the printer's system 
with each other and with the inch unit of the English system. 
These objectives would be tested by a multiple-choice test 
after completing the program. 
The linear format was chosen for the construction of 
this program. Three reasons are cited for this decision: 
1 .  The linear form is the most frequently used in 
programing today, probably because it is easier to construct. 
2. Considering the students for which the program 
would be intended, it was felt that the linear form would be 
�asier to work with and would require less reading than the 
nscrarnble book" form. 
3. The linear form is best for teaching content that 
must be recalled. 1 1  
The program was written generally following the sug-
12 gested procedures of J. L. Hughes. 
1 1  Hughes, p. 15. 
12  Hughes. 
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The first two drafts of the program were presented 
to graduate students in the Research Methods in Communica­
tions class at South Dakota State University for editing 
and criticism. The third draft was tested on graduate stu­
dents taking the Graphic Arts Education course at South 
Dakota State University. The fourth draft was tested on 
Graphic Arts II students at Kingswood Regional High School, 
Wolfeboro, N.H. , and proved, to the satisfaction of this 
writer, to be suitable for use in this study. 
A response sheet was constructed to correspond to the 
program. That is, where the program had two blanks to be 
�esponded to, the response sheet also had two blanks. No 
attempt was made to make blanks on the response sheet equal 
in size to those on the program, or to relate the size of 
the blanks to the length of the word, or words, of' the re-
sponse required for that blank. 
Three. tests were constructed to be used before and 
after the administration of the program, each containing 15 
items. They were of the multiple-choice type and each item 
on each test was different in some way: arrangement of an­
swers, example, or wording. Care was taken to make each 
test of equal difficulty but still test for the same objec­
tives without the answers given on one test affecting the 
answers given on other tests. The pre-test and the first 
two post-tests were different and.each group received the 
same tests. The third post-test was the same as the pre-
10 
test. It was felt that sufficient time would have passed 
to eliminate any memorization of answers from the pre-test . 
The subjects used for this study were students of 
Kingswood Regional High School, Wolfeboro, N. H. The school 
was a combination junior anq senior high school serving seven 
towns around the Lake Winnipesaukee resort area in New Hamp­
shire. The economic level of families in this region ranged 
f'rom wealthy to very poor. One county served by the school, 
Ossipee, was classified as a poverty area by the U. S .  govern­
ment. _Many families relied on the tourist trade for their 
major source of income. 
The junior high at Kingswood consisted of grades seven 
and eight. Each grade was grouped homogeneously in six 
groups, designated by a superior figure to the right of the 
1) c·l) grade (e. g. 7 . The superior figure one designated 
the fastest group and superior figure six (
6) the slowest 
group. High school students were classified as rast, average, 
or slow. Required high school courses, such as English, were 
grouped homogeneously, with elective courses, such as indus­
trial arts, grouped heterogeneously. For this study no con­
sideration was given to individual ability in the heterogen­
eous groups used. 
Students available for this study were members of 
graphic arts classes taught by this writer and of mechanical 
drawing classes taught by Mr. Carl Contois and this writer. 
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Those selected fell into three experience categories: those 
who had no graphic arts experience; those who had exposure 
to graphic arts, but were not enrolled in graphic arts dur­
ing the period the experiment was carried out; and those who 
were taking a course in graphic arts during the period the 
experiment was carried out . An effort was made to have more 
participants with no experience, but they were not available 
at the time the experiment was conducted. 
Those classes selected to participate in the experi­
ment we.re divided as equally as possible into two groups, 
taking into consideration their ability, experience and 
grade level. This resulted in one group of 47 participants 
and another group of 60 participants. One group was to 
respond to the program overtly, by writing their responses 
on the response sheet furnished for that purpose. The other 
group was to respond covertly, by thinking their responses. 
Both groups were allowed to make mathematical calculations 
on paper furnished for that purpose. 
Following is a brief description of those classes 
which made up the two groups. 
Covert Response Group 
Category A (No Experience): Junior High a5- 6 boys-­
This class contained 15 of the low-ability students. Many 
had reading problems. Most had been exposed to programed 
instruction through their English -classes. 
12 
Category B (Exposed, Not Enrolled): Junior High 7
1 
boys--This class consisted of 12 high-ability students who 
also had had experience with programed instruction in their 
English classes. Their graphic arts experience consisted of 
18 classes of about 50 minutes each over a nine-week period 
the quarter before the experiment was conducted. 
Category C (Enrolled): Junior High 83 boys--The class 
was made up of 19 average-ability students. They also had 
participated in programed instruction in their English 
classes. This class was just beginning a nine-week intro­
ductory course in graphic arts at the time this experiment 
was begun, so in essence, its members had no experience. It 
was expected that this class, and the corresponding overt 
class, would give the truest indication of ·the practicality 
of using this program in teaching graphic arts. 
Graphic Arts Ib--This class had 10 high school boys 
of average ability and four special education students. The 
students of this class·had completed 26 weeks of their graphic 
arts course, averaging 250 minutes of class time a week. 
Overt Response Group 
Category A (No Experience): Junior High 75-6 boys-­
This class contained eight students of about the same de­
scription as the corresponding category in the covert re­
sponse group. 
Category B (Exposed, Not Enrolled): Junior High 8
1 
boys--This class consisted of 12 ·students of the same de­
scription as the corresponding category in the covert re­
sponse group. 
13 
Category C {Enrolled): Junior High 1 3 boys-- Comprised 
of 13 students of about the same description as the corres­
ponding category in the covert response group. 
Graphic Arts Ia--This class had 1 1  boys of average 
ability and three students who were regarded as slow for 
grading purposes. Their graphic arts experience paralleled 
that of the corresponding covert response group. 
Before beginning the experiment, members of each class 
were told only that this was an experiment and were given 
directions on what they were to do. Those who were not en­
rolled in a graphic arts course were told that the results 
would not count as part of their grade in the course they 
were taking but they should do the best they could on it. 
Those who were enrolled in a graphic arts course were told 
that the program was part of their course work and results 
would count as part of their grade and they should do the 
best they could. 
Members of each class were first given a multiple­
choice pre-·test to determine their knowledge of the program 
subject. Each participant was asked to put his name on this 
test, as well as all post-tests as·sociated with this study,_ 
14 
and each name in each class was later assigned a number for 
tabulation purposes. 
The program was then administered, with the appropri­
ate responses made by each class. No time limit was imposed 
on the students for completing the program as this would de­
feat the purpose of letting students work at their own speeds. 
As.the participants :finished the program, they were given the 
first of three post-tests to determine the extent of learning 
:from the program. 
A second and third post-test was given to all parti­
cipants present at intervals of one week and four weeks :from 
the date of administration of the program. Those partici­
pants absent on those days were not included in the tabula­
tion :for the tests they missed. 
Scoring of all tests was on a 0-1 5 scale to eliminate 
having to work with fractions or decimals in the initial 
tabulations. The data were tabulated and a mean was calcu­
lated for each class as well as for both the covert and 
overt groups in each test. 
The statistical tools used to compare the two groups 
were the standard deviation and critical ratio, as outlined 
by Garrett. 13 It was decided that finding a difference at 
13 Henry E. Garrett, Elementari Statistics
b 
2nd Ed. 
(New York: David McKay Company, Inc., 1962), p. 11 -38. 
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the .05 level of significance would be sufficient to accept 
the hypothesis as correct. (See Appendix C for statistical 
formulas used . )  
CHAPTER III 
FINDINGS 
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The findings of this study were not significant, based 
on critical-ratio tests of the means in the table below. 
.N 
iX 
M 
Test 
Mean 
TABLE l 
COMPARISON OF MEANS OF OVERT-LEARNING 
AND COVERT-LEARNING ON FOUR 
SUCCESSIVE TESTS 
Pre-Test 1st Post-Test 2nd Post-Test 
Overt Covert Overt Covert Overt Covert 
47 60 47 60 42 58 
264 327 377 488 298 430 
5.62 5.45 8.02 8.13 7.09 7.41 
5.54 8.08 1.25 
3rd Post-Test 
Overt Covert 
44 58 
321 371 
7.30 6.40 
6.85 
An analysis of the means in Table 1 shows the mean of 
a11·participants taking the pre-test was 5.54 points. The 
corresponding mean on the first post-test was 8.08, an in­
crease of 2.54 points, or.46 per cent over the average knowl­
edge of participants before the administration of the pro­
gram. The mean for the second post-test was 7.25 points, a 
decrease or .83 from the first post-test, but 1.71 over the 
pre-test mean. The results of the third post-test was a mean 
of 6.85. This was a decrease of �40 points from the second -
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post-test and an increase of 1.31 over the pre-test, indi­
cating that the program increased each participant's knowl­
edge of the printer's system of measurement an average of 24 
per cent over a four-week period. 
The results of the_pre-test administered before the 
program indicated that the overt and covert groups were well-
balanced in their previous knowledge of the printer's system 
or measurement. The overt group had a mean of 5.62 correct 
responses while the covert group had a mean or 5.45 correct 
responses. A critical-ratio test showed that there was no 
significant difference in previous knowledge between these 
two groups at the .05 level of significance. (See Table 2) 
TABLE 2 
TEST OF SIGNIFICANT DIFFERENCE BY CRITICAL RATIO 
BETWEEN GROUPS IN PRE-TEST 
N M SD SED CR d!' Le.val of sig. dif. 
Overt Group 47 5.62 3. 53 
.643 .264 10.5 None 
Covert Group 60 5.45 2. 97 
The first post-test administered immediately follow­
ing completion of the program gave an indication of the 
amount of l�arning that took place as a result o!' the pro­
gram. Again a comparis on by critical ratio of the group 
means, 8.02 !'or the overt group arid 8.13 .for the covert 
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group, showed no significant difference between the groups 
in the amount of learning at the .05 level, (Table 3). 
TABLE 3 
TEST OF SIGNIFI CANT DIFFERENCE BY CRITICAL RATIO 
BETWEEN GROUPS IN FIRST POST-TEST 
N M SD SED CR df Level o:f sig . di:f. 
Overt Group 47 8.02 4.24 
�753 .146 105 None 
Covert Group 60 8.13 3.38 
The second post-test results indicate the amount of 
learning retained over the one-week period following the 
administration of the program. The overt group showed a .93 
decrease in mean to 7.09 and the covert group a decrease o:f 
.72 to 7.41. Again, the critical-ratio test o:f the two means 
showed no significant difference in the material retained at 
the .05 level, (Table 4). 
TABLE 4 
TEST O F  SIGNI FICANT DI FFERENCE BY CRITI CAL RATIO 
BETWEEN GROUPS IN SECOND POST-TEST 
N M SD SED CR Level of 
sig. dif. 
Overt Group· 42 7.09 4.35 
.825 .376 98 None 
Covert Group 58 7.41 3.65 
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The third post-test measured the retention of the pro­
gramed material after a period of four weeks. A critical­
ratio test on the 7.30 overt mean and the 6.40 covert mean 
showed no significant difference in the amount of material 
retained at the .05 level, (Table 5). 
TABLE 5 
TEST OF SIGNIFICANT DIFFERENCE BY CRITICAL RATIO 
BETWEEN GROUPS IN THIRD POST-TEST 
N M SD 
Overt Group 44 7.30 3.84 
Covert Group 58 6.40 3.70 
SED 
CR 
.771 1.17 
df 
100 
Level of 
sig. dif. 
None 
Comparing the means of the tests by groups and cate­
gories (Table 6) brought out some interesting points . As 
could be expected, the two Category A (No Experience) classes 
had the lowest pre-test means, the overt class 2.85 and the 
covert class 3.73. Although it is logical that the classes 
with some experience in graphic arts should have higher means 
than those without experience, it should be noted that the 
two junior high classes which had completed a brief nine-week 
introductory course in graphic arts, 71 and 81, had higher 
means than any of the four classes who were enrolled in a 
graphic arts class. In fact, the two classes with the most 
20 
experience, the high school Ia and lb classes, attained the 
lowest means of the classes with graphic arts experience. 
N 
tX 
M 
N 
fX 
M 
N 
�x 
M 
N 
�x 
M 
TABLE 6 
COMPARISON OF MEANS OF OVERT-LEARNING AND COVERT­
LEARNING ACCORDING TO EXPERIENCE CATEGORIES 
ON FOUR SUCCESSIVE TESTS 
Pre-Test 
Category A Category B Category C 
Overt Covert Overt Covert Overt Overt Covert Covert 
75-6 85-6 31 71 Ia 73 Ib a3 
8 15 12 12 14 13 14 19 
23 56 122 83 55 64 68 120 
2.85 3.73 10.17 6.92 3.93 4.93 4.86 6.32 
4.43 5.59 
First Post-Test 
8 15 12 12 14 13 14 19 
46 108 153 129 108 70 111 140 
5.75 7.20 12.75 10.75 7.71 5.38 7.93 7.37 
6.60 7.65 
Second Post-Test 
8 14 11 12 12 11 13 19 
40 98 141 123 70 47 77 132 
5.00 7.00 12.82 10.25 5.83 4.27 5.92 6.95 
5.05 6.44 
Third Post-Test 
8- 14 12 12 12 12 13 19 
41· 75 145 116 87 48 74 106 
5.13 5.36 12.08 9.67 7.25 4.00 5.69 5.58 
5.63 5.64 
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All groups showed an increase in the first post-test 
mean over the pre-test mean. The greatest gain between the 
two means was 3.83 in the covert group, Category B. The 
smallest gain was .45 , overt group 13, Category C. There 
was an average gain of 2.73. 
All groups showed some decrease in the second post­
test mean, except the overt group, Category B, which had a 
.05 increase. The average decrease of the second post-test 
from the first post-test was .85 . 
. In the third post-test, two of the eight participating 
classes showed an increase in mean over the second post-test, 
overt group, Category A ( .13) and overt group Ia, Category C 
(1.42). There was an average decrease of .29. 
Two classes, 83 and 13 of Category C, one responding 
overtly and the other covertly, showed a lower mean in the 
third post-test than they had in the pre-test. All others 
showed increases, ranging from .83 to 3.32. The average 
increase was 1.38. 
Some of the slower students needed help with words and 
meanings on the program and post-tests, while the faster 
students commented that the program was "too easy. " The 
means of the slower classes (75-6 and 85-6) bear out their 
problem, but a comparison of means for the faster classes 
(71 and 81 ) indicate that the learning beyond their previous 
knowledge of the subject was only- a little_above average. 
CHAPTER IV 
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The results of this study indicate that with the tools 
and subjects used in a period of four weeks, no significant 
difference in retention of programed material resulted be­
tween groups making covert and overt responses to the pro­
gram.. Therefore, the hypothesis that the more senses in­
volved in learning, the more effective the learning process 
will be, must be rejected. 
It was not the purpose of this study to test the pro­
gram used, but the amount of learning that the program appar­
ently achieved was disappointing to the writer . The first 
post-test, which indicated the initial learning as a result 
of completing the program, produced a mean of 8.08 points. 
Th.is is only 2�54·points higher than the 5.54 pre-test mean, 
which also seemed low in light of the fact that two of the 
classes participating had completed an introductory course 
in graphic arts and two more had completed three-quarters of 
a high school graphic arts course, all of which included the 
printer's system of measurement in their course content. 
The third post-test mean of 6.85 indicated that retention of 
the programed material over the four-week period was only 
1.31 points higher than the pre-test mean. 
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This experiment brought out one unexpected aspect of 
using programed instruction--student attitude. The writer 
thinks this influenced this study sufficiently to make the 
validity of the findings questionable. The attitude of many 
of the participants, particularly among the so-called 
"average" students, was observably negative. 
The experiment and program �ere regarded by some as 
"a big joke u· and a "waste of time. " These students made up 
a minority of the participants, but their number was suffi­
cient to affect the results of the study. They made only 
token efforts at using the program� those making covert re­
sponses merely glancing through the program, and those making 
overt responses turning to the answers and writing them on 
the response sheet without reading the frames. 
A comparison of pre-test and post-test scores for 
individual participants (Appendix A) shows ·several· post-test 
scores lower than their corresponding pre-test scores, which 
suggests excessive guessing. A certain amount of guessing 
can be expected on multiple-choice tests such as the ones 
used in this study. In fact, guessing was encouraged if a 
participant had read the question and possible answers and 
still did not know the correct answer. But when tests are 
passed back. two or three minutes after the participant re­
ceives them or tests are passed back with answers ranging 
from (a ) to (p) and the range of answers offered is (a) to 
(e) it is obvious that the participant is not cooperating 
in the experiment. 
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James B. Conant hinted at these problems when he indi­
cated that under�rivileged children do not respond to the 
kind of reinforcement offered by programed instruction be­
cause the kind of motivation presupposed by this type of 
learning is lacking.1 4 
This lack of motivation may have been responsible for 
the means of 1 3 and 83, Category C on the third post-test 
being lower than their corresponding pre-test means. This 
was especially disheartening because these classes were en­
rolled in a graphic arts course at the time the experiment 
was being conducted and should have been putting this mate­
rial.to practice, thus reinforcing their learning. 
This writer feels that attitude is a factor for se­
rious consideration in any teaching situation, particularly 
when using programed material. The self-teaching aspect of 
programs leaves it up to the student to learn the material, 
making it imperative that the student has some desire to 
learn for the program to be effective. 
Although the low-learning level produced by the pro­
gram used in this study could have been attributed, at least 
in part, to student attitude, it must be recognized that the 
14 Fine, p. 160. 
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program itself may not have been suited for use in this situ­
ation. For one thing, the program probably should have been 
tested more thoroughly on students of the same age and ex­
perience as those participating in the experiment. 
Reading ability was probably responsible for some of 
the low scores also, as indicated by comments and actions of 
some of the participants . It might have been advisable to 
have a reading specialist evaluate the program and make sug­
gestions to gear it toward the caliber of student prevalent 
in industrial arts programs . 
The revision of this program, or writing of another 
one , might . benefit if the format were changed to eliminate 
the correct response being given on a separate page and 
inst�ad burying the correct response to one frame in the 
text for the next frame. This might eliminate some of the 
problem of students looking only at the correct response. 
Using students that were conveniently available for 
this experiment led to a sample that was predominantly 
junior high students. This put the majority of the sub jects 
very near the sixth grade reading level assumed when writing 
the program. A larger portion of high school students in 
the sample may have given different results, although the 
high schoo� students used did no"t seem to dLffer much from 
the junior high students used. 
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It had been a fear of this writer that using students 
enrolled in graphic arts classes would have an excessive 
influence on the outcome of this study. Comparing the means 
of those enrolled with those not enrolled seems to indicate 
that working with the material learned from the program had 
little effect on retention . of the material. There is some 
doubt now about telling participants enrolled in graphic arts 
classes that they are involved in an experiment. This may 
have created a negative "Hawthorne Effect, " resulting in 
fin_dings lower than could have been expected under normal 
learning conditions. 
The· third post-test showed a widening difference be­
.tween the means of the overt and covert response groups .to 
the advantage of the overt group. Although the difference 
was not signiricant at the .05 level, this could indicate a 
turning point in the retention process not brought out in the 
four-week experiment. Had the experiment continued , this 
difrerence might have increased until a significant differ­
ence was attaihed. 
It is recommended that any replication of this experi­
ment be done with a program that has been tested more fully 
in terms of content, sequence of frames, and reading level . 
A larger number of participants would also be advisable, 
with more high school students and students not enrolled in 
graphic arts courses included. This would _give a better 
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sample to work with. Increasing the length of the experi­
ment for as much as a year, with post-tests each month, 
might give a truer picture of the differences in retention 
between overt and covert responses. 
Some variations of this study might produce interest­
ing results and help clear up some of the controversy sur­
rounding programed instruction. For example, using the same 
hypothesis disproved in this study, substituting a vocal 
response for a written one, or using both. This in i tself 
would not eliminate the problems encountered in this study, 
but it  might help clarify the usefulness of using multi­
sense responses in learning. 
Another variation would be to use audio-visual equip­
ment to present the program to the subjects and compare the 
retention of groups using different responses--thought, 
vocal, written, etc. , and/or combinations of these. The big 
disadvantage of this is the los·s of individual learning 
rates for students. 
Std . 
No . 
l 
2 
3 
4 
5 
7 
8 
Mean 
Std . 
No . 
l 
2 
4 
5 
6 
Pre-Test 
X x2 
b 0 
3 9 
5 25 
l l 
1 1 
3 9 
6 36 
4 16 
23 97 
2.85 
APPENDIX A 
TABULATION OF DATA 
Overt Response Group 
Category A ( No Experience ) 
1st Post-Test 2nd Post-Test 
X x2 X x2 
7 49 5 25 
3 9 6 36 
3 9 2 4 
7 49 7 49 
2 4 3 9 
5 25 3 9 
8 64 7 49 
11 121 7 49 
46 330 40 2.30 
5.75 5.00 
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3rd Post-Test 
X x2 
4 16 
4 16 
4 16 
6 36 
3 -. 9 
i 16 36 
10 100 
41 245 
5.13 
Category B ( Exposed, but not Enrolled ) 
Pre-Test 1st Post-Test 2nd Post-Test 3rd Post-Test 
X x2 X x2 X x2 X x2 
10 100 13 169 12 144 10 100 
10 100 15 225 13 169 14 196 
11 121 13 169 14 196 11 121 
13 169 1
i 
196 abs . 15 225 
6 36 64 . 1 2  144 10 100 
11 . 121 15 225 14 196 11 121 
9 81 11 121 15 2 25 13 169 
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8 13 169 11 121 15 225 13 169 
9 12 1� 14 196 14 196 12 144 10 9 15 225 11 121 1� 196 11 4 16 8 64 8 64 64 
12 14 196 15 225 15 225 14 196 
122 1334 153 2023 141 1849 145 1801 
Mean 10.17 12. 75 12.82 12.08 
Category C ( Enrolled in Course) 
Std. Pre-Tes t  1st  Pos t-Te s-t 2nd Pos t-Te s t  3rd Post-Te s t  
No . X x2 X x2 X x2 X x2 
G . A .  
Ia 
l 2 4 14 196 6 36 5 25 
2 8 64 15 225 13 169 13 169 
3 3 9 6 36 4 16 8 64 
4 7 49 10 100 7 49 9 81 
5 2 4 11 121 3 9 8 �i 6 3 9 7 49 9 81 6 
7 1 49 1 49 5 25 7 . 49 
8 2 4 5 25 5 25 3 9 
9 0 0 · 8 64 abs .  9 81 
10 6 36 3 9 6 36 4 16 
11 4 16 0 0 l 1 abs . 
12 3 9 6 16 5 25 abs.  
13 · 5 25 6 36 6 · 36 9 81 
14 3 9 10 100 ab s. 6 36 
55 287 108 1046 70 508 87 711 
Mean 3 . 93 7 . 71 5.83 7.25 
J . � . 7 
1 5 25 9 81 8 64 8 64 
2 7 49 7 49 3 9 3 . 9  
3 5 25 5 25 3 9 ab s .  
4 6 36 1 1 4 16 3 9 
5 4 16 8 64 ab s . 6 36 
6 6 36 8 64 9 81 5 25 
7 4 · . 16 3 9 3 9 l 1 
8 6 36  0 0 4 °16 2 4 
9 2 4 7 49 abs .  4 16 
10 4 16 5 25 3 . 9  5 25 
11 
12 
13 
Mean 
Std. 
No. 
l 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Mear:i 
Std. 
No . 
1 
2 
3 
4 
8 64 4 16 6 36 
2 4 
5 25 
64 352 
4. 92 
Pre-Test 
X x2 
7 49 
3 9 
2 4 
2 4 
3 9 
3 9 
7 49 
5 25 
i 16 64 
1 1 
4 16 
l 1 
3 9 
3 9 
56_ 274 
3.73 
7 49 3 9 
6 36 l l 
70 468 47 259 
5.38 4. 27 
Covert Respons e Group 
Category A ( No Experience) 
1st Post-Te s-t 2nd Post-Test 
X x2 X x2 
9 81 7 49 
7 49 5 25 
3 9 4 16 
4 16 4 16 
2 4 4 16 
10 100 12 144 
9 81 abs. 
6 36 9 81 
6 36 . 4 16 
12 144 10 100 
.5 25 7 49 
10 100 13 169 
7 49 4 16 
7 49 8 64 
11 121 7 49 
108 900 98 810 
7. 20 7.00 
30 
5 25 
4 16 
2 4 
48 234 
4.00 
3rd Post-Test 
X x2 
8 64 
4 16 
2 
1i i 36 
10 144 
abs. 
3 9 
2 4 
5 25 
3 9 
10 100 
5 25 
6 36 
7 49 
75 493 
5. 36 
Category B ( Expos ed, but not Enrolled )  
Pre-Test 1st Post-Test 2nd Post-Test 3rd Post-Test 
X x2 X x2 X x2 X x2 
6 36 14 196 13 169 11 121 
1 1 2 4 2 4 5 25 
9 81 13 169 14 196 14 196 
14 196 12 144 12 144 . 13 169 2 4 15 225 12 144 12 144 
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6 7 49 7 49 11 121 11 121 
7 8 64 10 100 5 25 3 9 
5 25 10 100 8 64 5 25 
9 i 16 11 121 6 36 6 36 10 36 11 121 13 169 12 144 
11 11 121 15 225 15 225 14 196 
12 10 100 9 81 12 144 10 100 
83 729 129 1535 123 1441 116 1286 
Mean 6.92 · 10.75 10.25 9.67 
Category C ( Enrol�ed in Course ) 
Std. Pre-Test 1s t Post-Tes t 2nd Post-Test 3rd Post-Test 
No. X x2 X x2 X x2 X x2 
G . A . 
lb 
1 5 25 10 100 5 25 11 121 
2 i 16 8 64 4 16 2 4 3 36 8 64 5 25 · 2 
19i 4 13 169 15 225 14 196 14 
5 i 16 10 100 10 100 12 144 6 64 5 25 8 64 6 36 
7 3 9 · 4 16 5 25 4 16 
8 3 9 9 81 6 36 0 0 
9 3 9 9 81 3 9 2 
1i 10 4 16 4 16 1 1 4 
11 4 16 9 81 6 36 9 81 
12 1 1 11 121 6 36 4 16 
13 4 16 4 16 4 16 abs . 
14 6 36 5 25 abs. 4 16 
68 438 111 1015 77 585 74 654 
Mean 4.86 7.93 5 . 92 5.69 
J.H. 
a3 
1 8 64 5 25 7 iii 9 81 2 11 121 10 100 13 7 49 
3 5 25 6 36 . 6 36 6 36 
4 8 64 13 169 10 100 4 16 
5 4 16 9 81 9 ·81 2 4 
6 3 9 5 . 25 6 36 6 36 
7 8 64 13 169 4 16 4 16 
32 
8 4 16 5 25 3 9 4 16 
9 10 100 1 49 11 121 5 25 
10 8 64 8 64 10 100 6 36 
11 9 81 3 9 6 36 5 25 
12 6 36 6 36 4 16 5 25 
13 5 25 13 169 13 169 14 196 
14 6 36 6 36 3 9 2 4 
15 5 25 3 9 3 9 6 36 
16 9 81 8 64 7 49 9 81 
17 5 25 6 36 5 25 2 4 
18 2 4 7 49 3 9 i 16 · 19 4 16 1 49 9 81 36 
120 872 140 1200 132 1120 106 738 -
Mean 6·.32 7.37 6.95 - 5 • .58 
APPENDIX B 
EXPERIMENT TOOLS 
Program--The Printer's System of Measurement 
. Response Sheet for Overt Response Group 
Tests--
Pre-Test and 3rd Pos t-Test 
1 st Post-Test 
2nd Post-Test 
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Program- -The Printer ' s  System of Measurement 
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Program--The Printer's System or Measurement 
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No. Name -----------
RESPONSE SHEET 
Frame 
The Printer's System of Measurement 
Frame 
# 1 ------ #18 _____ ------
# 2 -------
# 3 _____ -----
. #  4 ____ ---- #19 _____ _ 
# 5 ____ _ - 1120 _____ _ 
# 6 ------ #21 ______ _ 
# 7 ______ _ #22 ______ _ 
# 8  _____ _ 
#23 _____ _ 
# 9 _____ _ 
#10 ------ #24 _____ _ 
#11 ______ _ #25 _____ _ 
#12 - ---- #26 ------
#27 _____ _ 
#28 -----
#13 _____ _ 
#14 _____ _ #29 -------
#15 _____ _ 
#16 ______ _ #30 _____ _ 
#17 _____ _ #31 ------
#32 _____ _ 
No . 
1. 
2. 
- 4 .  
6. 
- 7 . 
8. 
10. 
_11. 
_12. 
_13 .  
_14. 
_15 . 
Pre-Test and 3rd Post-Test 
Name 
THE PRINTER ' S  SYSTEM OF MEASUREMENT 
36 
The printer ' s  system of measurement is called the 
(a ) English system (b) Point system (c) Pica system 
(d) Em system (e) Metric system 
The basic unit �n the printer's system of measurement 
is the (a) pica (b) em (c) point (d) inch 
(e) millimeter 
The larger unit of the printer's system of measure­
ment is the (a) point (b)_ em (c) inch (d) pica 
(e) millimeter 
An inch is equal to (a ) 10 points (b) 6 picas 
(c) 12  points (d ) 12  picas (e) 70 points 
A pica is equal to (a ) 1/72 inch (b) 1/6 inch 
- (c) 1/4 inch (d ) 1/2 inch (e) 1/8 inch 
A �oint is equal to (a ) 1/72 inch (b) 1/6 inch 
(c) 1/4 inch (d) 1/2 inch (e) 1/8 inch 
A �oint is equal to (a) 6 picas (b } 1/72 inch 
(c ) 12 picas (d ) 1/12 inch (e ) 72 picas 
A pica is equal to (a) 12 points (b ) 72 points 
(c ) 6 points (d) 1/72 inch (e) 1/1 2 point 
Type size is measured in (a) inches (b ) picas 
(c ) millimeters (d) ems (e ) points 
The length of lines of type is measured in (a ) points 
(b) inches (c ) picas (d) millimeters (e ) ems 
The depth of type on a page is measured in (a) points 
(b) inches (c ) picas (d) millimeters (e) ems 
A line of type to fit a space 3 inches wide would be 
how long using the printer's system of measurement? 
(a ) 18 picas (b ) 24 points (c) 14 ems (d) 39 milli-
meters (e) 18  points 
Type that is 12  points high would be called { a) 12 
pica tn>e (b) 6 pica type (c) 6 inch type (d) 6 point 
type (e) 12 point type 
A column of type 5 inches long would be how deep us­
ing the printer ' s  system of measurement ?  (a) 24 ems 
(b ) 60 points (c) 60 picas (d ) 30 picas { e ) 30 points 
How many lines of 12 point type would fit in a space 
2 inches deep? (a ) 6 ( b ) · 7 2 ( c ) 18 ( d) 10 ( e ) 1 2  
No. 
1 .  
2. 
- 3. 
_ 4. 
_ 5 . 
6 .  
1 . 
8. 
_1 0. 
_1 1 .  
_1 2. 
_13 . 
_1 4. 
_15 .  
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1st Post-Test 
Name -------------
THE PRINTER ' S  SYSTEM OF MEASUREMENT 
The printer's sys·tem of measurement is called the 
{ a )  Pica system (b ) Em system (c } English system 
{ d ) Poin� system (e ) Metric system 
The basic unit in the printer ' s  system of measurement 
is the (a ) point (b ) inch (c ) millimeter ( d )  em 
( e ) pica 
The larger unit of the printer ' s  system of measurement 
is the { a )  em (b ) pica (� ) point (d ) inch ( e )  milli­
meter 
An inch is equal to (a ) 1 2  points (b ) 1 0  points 
(c } 6 picas { d }  12 picas (e ) 70 points 
A pica is e qual to (a ) 1 /8 inch (b ) 1 /2 inch (c ) 1 /4 
inch (d ) 1 /6 inch (e ) 1 /72 inch 
A �oint is equal to (a } 1 /8 inch (b } 1 /2 inch 
(c ) 1 /4 inch (d ) l/6 inch { e ) 1 /72 inch 
A :point is equal ·to (a ) 1 2  J?icas (b ) 1 /72  pica 
(c ) 6 picas l d )  72 picas (e ) 1 /1 2  pica 
A pica is equal to ( a )  1 /72 point (b ) 1 /1 2  point 
( c )  6 points (d ) 12 points (e ) 72 points 
Tn,e size is measured in (a ) millimeters ( b ) ems 
{ c )  inches (d ) picas (e ) points 
The length of lines of type is measured in (a ) inches 
(b ) p�ints (c ) millimeters ( d ) picas (e } ems 
The depth of type on a page is measured in (a ) milli­
meters (b ) ems (c ) points (d } inches (e ) picas 
A line of type to fit a space 4 inches wide would 
be how long� using the printer ' s  system of measure­
ment ? (a ) 1 0  points (b ) 24 picas (c ) 1 4  ems (d ) 39 
millimeters (e ) 24 points 
Type that is 1 4  points high would be called { a )  1 4  
pica type (b ) 2 pica type (c ) 1 4  point type (d ) 6 
point type (e ) 7 inch type 
A column of type 6 inches long would be how deep 
using the printer ' s  system of measurement ? (a ) 24 
ems { b ) 30 points (c ) 36 picas { d )  72 points (e ) 30 
picas 
How many lines of 24 point type would fit in a space 
2 inches deep?  (a ) 72 (b ) 6 {c ) · 1 2 (d ) 1 8  (e ) 1 0  
No . 
1 .  
2. 
- 4 .  
·_ s . 
6. 
8. 
_10. 
_1 1 .  
_1 2. 
_13 . 
_14 .  
_15 .  
2nd Post-Test 
Name 
THE PRINTER ' S  SYSTEM OF MEASUREMENT 
The printer ' s  system of measurement is called the 
(a ) Em system (b) English system (c ) Point system 
(d ) Metric system (e) Pica system 
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The larger unit of the printer ' s  system of measure­
ment is the (a) em (b ) inch { c )  pica (d ) point 
{ e )  millimeter 
The basic unit of the printer ' s  system of measurement 
is the (a ) inch ( p ) pi-ca . { c )  millimeter ( d )  point 
{ e ) em 
An inch is equal to { a )  6 picas (b ) 1 2  points {c ) 70 
points (d) 1 2  picas (e ) 10 points 
A pica is equal to { a ) 1 /2 inch (b ) 1 /4 inch 
(c ) 1 /72 inch (d ) 1 /8 inch (e ) 1 /6 inch 
A point is equal to (a ) 1 /4 inch (b ) 1 /72 inch 
(c ) 1 /2 inch (d ) 1 /6 inch ( e )  1 /8 inch 
A �ica is equal to (a ) 1 2  points { b ) 1 /72 inch 
(c ) 1 /1 2  point (d ) 6 points (e ) 72 points 
A �oint is equal to (a ) 1 /72  pica (b) 72 picas 
(c ) 1 /1 2  pica (d) 1 2  picas { e )  . 6 picas 
T�e size is measured in (a ) points (b) ems { c )  picas 
{ d ) inches (e ) millimeters 
The length of lines of type is measured in (a ) points 
(b ) p�cas (c ) inches (d) millimeters (e ) ems 
The depth of type on a page is measured in (a ) milli­
meters (b ) ems (c ) points (d) picas (e ) inches 
A line of type to fit a space 5 inches wide would be 
how long using the printer ' s  system of measurement ? 
(a ) 24 picas { b) 1 2  picas (c) 36 picas (d) 30 picas 
(e ) 36 points 
Type that is 1 2  points high would be called (a ) 1 2  
pica type { b ) 6 point type {c ) 1 /2 inch type (d ) 1 2  
point type (e ) 2 pica type 
A column of type 4 inches long would be how deep 
using the printer ' s  system of measurement? (a ) 31 
p'oints (b ) 24 picas ( c) 24 points· ( d )  36 picas 
(e) 36 points 
How many lines of 1 8  point type would fit in a space 
3 inches deep? (a ) 72 { b ) 6 (c ) 12  (d) 1 8  (e) 10 
APPENDIX C 
STATISTICAL FORMULAS USED IN COMPUTATIONS 
Mean : M = ll N 
Standard Deviation : 
Standard Error of Difference 
between two means : 
Difference betwe en Means : 
Critical Ratio : CR = 
Degrees of Freedom :  
D 
SE �v 
SD1
2 
D N + 
SD 2 2 
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